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In the title compound, [CoCl 2 (C 12 H 14 ClN 3 ) 2 ], the central Co II ion lies on a twofold rotation axis and adopts a distorted tetrahedral coordination geometry defined by two N atoms from two 2-(2-chloroethyl)-1,2,3,4-tetrahydropyrazino[1,2a]benzimidazole ligands and two chloride anions. The Cl atom located in the side chain of the ligand is involved in intermolecular C-HÁ Á ÁCl hydrogen bonding, which links neutral complex units into a one-dimensional right-handed helical chain running along a crystallographic 4 1 axis. Such hydrogen-bonded helical chains are connected to each other to form a homochiral three-dimensional supramolecular network. One C atom of the 2-chloroethyl chain is disordered over two positions, with site-occupancy factors of 0.52 and 0.48.
Related literature
For related literature, see: Balamurugan et al. (2004) ; Matrick & Day (1961) ; Parker et al. (2004) ; Sundberg et al. (1977) .
Experimental
Crystal data [CoCl 2 (C 12 H 14 ClN 3 ) 2 ] M r = 601.25 Tetragonal, P4 1 2 1 2 a = 9.5706 (8) Å c = 29.911 (4) Å V = 2739.7 (5) Å 3 Z = 4 Mo K radiation = 1.04 mm À1 T = 293 (2) Table 1 Selected geometric parameters (Å , ).
109.08 (12) Cl2-Co1-Cl2 i 110.64 (7) Symmetry code: (i) y; x; Àz. Table 2 Hydrogen-bond geometry (Å , ). Symmetry codes: (ii) Àx þ 3 2 ; y À 1 2 ; Àz þ 1 4 ; (iii) y À 1 2 ; Àx þ 5 2 ; z À 1 4 .
Data collection: SMART (Bruker, 2000); cell refinement: SAINT (Bruker, 2000); data reduction: SAINT; program(s) used to solve structure: SHELXTL (Sheldrick, 2008) ; program(s) used to refine structure: SHELXTL; molecular graphics: DIAMOND (Brandenburg, 1998) and ORTEP-3 (Farrugia, 1997) ; software used to prepare material for publication: SHELXTL. 
Comment
Nitrogen mustards that contain a reactive N,N-bis-(2-chloroethyl)amine group are widely used as alkylating agents in cancer chemotherapy. However, these nitrogen mustards exhibit high chemical reactivity and usually show no selectivity of DNA alkylation. Recently, it has been proved that complexation of macrocyclic nitrogen mustards with metals may be an effective strategy in the design of hypoxia-selective antitumor prodrugs (Parker et al., 2004) . As part of our work, some metal complexes of a monofunctional mustard, 2-(2-chloroethyl)-l,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole (L), were prepared in order to evaluate their antitumor and antimalarial activities. Here, we report the crystal structure of a novel Co(II) mustard complex.
As depicted in Fig. 1 , the complete complex molecule is generated by a twofold symmetry operation, with the Co II ion located on the rotation axis. The distorted tetrahedral coordination sphere around the Co II center consists of two benzimidazole N atoms from two L ligands and two chloride anions. The Co-N distance of 2.026 (4) Å and Co-Cl length of 2.2423 (13) Å (Table 1) are comparable to those reported in the literature (Sundberg et al., 1977) .
In the crystal packing, intermolecular C-H···Cl hydrogen bonding play a key role. Fig. 2 illustrates that adjacent neutral complex units are connected by C1-H1A···Cl1 interactions into a one-dimensional right-handed helical architecture running along a crystallographic 4 1 screw axis in the c direction. Five complex fragments form a helix turn with a long pitch of 29.911 (4) Å. The shortest intrachain Co-Co distance is 10.072 Å. Further C-H···Cl hydrogen bond linkages (Table 2) extend such one-dimensional helical chains into a homochiral three-dimensional hydrogen-bonded network (Balamurugan et al., 2004) .
Experimental
The ligand 2-(2-chloroethyl)-l,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole was synthesized according to a literature method (Matrick & Day, 1961) .
The title compound was prepared by adding a methanol solution (10 ml) of CoCl 2 .6H 2 O (1 mmol) into a methanol solution (10 ml) of 2-(2-chloroethyl)-l,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole (2 mmol). The resulting mixture was refluxed for two hours and filtered after cooling to room temperature. Blue single crystals of the title compound suitable for X-ray diffraction analysis were obtained by slow diffusion of diethyl ether into the filtrate. Elemental analysis found: C The 2-chloroethyl chain attached to N atom displays rotational disorder and its C12 atom was split into two positions (C12A and C12B) with site-occupancy factors of 0.52 and 0.48. A l l H atoms were placed in calculated positions and refined using a riding model, with C-H = 0.93 -0.97 Å and with U iso (H) = 1.2 U eq (C). Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) Co1 0.99857 (7) 0.99857 (7) 0.0000 0.0305 (2) (7) C11-H11A 0.9700 C3-C8 1.383 (7) C11-H11B 0.9700 C3-N2 1.403 (6) C11-H11C 0.9700 C4-C5 1.405 (7) C11-H11D 0.9700 C4-H4 0.9300 C12A-Cl1 1.752 (9) C5-C6 1.374 (7) C12A-H11C 1.0395 C5-H5 0.9300 C12A-H12A 0.9700 C6-C7 1.381 (7) C12A-H12B 0.9700 C6-H6 0.9300 C12B-Cl1 1.742 (9) C7-C8 1.366 (7) C12B-H12C 0.9700 C7-H7 0.9300 C12B-H12D 0.9700 C8-N3 1.370 (7) supplementary materials sup-6 C5-C4-H4 122.0 Cl1-C12A-H12A 109.2 C6-C5-C4 122.7 (4) C11-C12A-H12B 109.2 C6-C5-H5 118.7 Cl1-C12A-H12B 109.2 C4-C5-H5 118.7 H12A-C12A-H12B 107.9 C5-C6-C7 119.2 (5) C11-C12B-Cl1 112.5 (6) C5-C6-H6 120.4 C11-C12B-H12C 109.1 C7-C6-H6 120.4 Cl1-C12B-H12C 109.1 C8-C7-C6 119.8 (5) C11-C12B-H12D 109.1 C8-C7-H7 120.1 Cl1-C12B-H12D 109.1 C6-C7-H7 120.1 H12C-C12B-H12D 107.8 C7-C8-N3 133.4 (5) C11-N1-C1 109.6 (4) C7-C8-C3 120.5 (5) C11-N1-C10 115.6 (4) N3-C8-C3 106.1 (4) C1-N1-C10 108.8 (4) N3-C9-C10 109.4 (4) C2-N2-C3 104.9 (4) N3-C9-H9A 109.8 C2-N2-Co1 123.2 (3) C10-C9-H9A 109.8 C3-N2-Co1 131.9 (3) N3-C9-H9B 109.8 C2-N3-C8 107.9 (4) C10-C9-H9B 109.8 C2-N3-C9 124.4 (4) H9A-C9-H9B 108.2 C8-N3-C9 127.7 (4) Symmetry codes: (i) y, x, −z. 
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